Objective. To estimate the extent of under use of coronary angiography and to determine whether women, ethnic minorities and poor and uninsured patients are less likely than their counterparts to receive necessary coronary angiography.
Coronary angiography is the most accurate method for evaluating coronary artery anatomy and determining whether a patient is a candidate for coronary artery bypass graft surgery or percutaneous transluminal angioplasty [1] , but it is an expensive and invasive procedure and its use may be influenced by non-medical factors. Previous work has shown that coronary angiography is sometimes over used, i.e. employed inappropriately [2, 3] . However, little attention has been paid to its under use. In view of the well-documented variations in the use of coronary angiography as a function of either geography (i.e. where one lives) or health care provider (i.e. from what organization care is received) [4] , patients likely to benefit from the procedure may not receive it. Clinically meaningful under use and over use may exist simultaneously within a system of care (for example, a hospital or health plan). Furthermore, if under use exists, it may be concentrated within certain vulnerable groups.
Recent studies have shown differences in coronary angiography rates among various population groups in the United States [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . In particular, African Americans and Latinos have lower rates of coronary angiography than whites, and poor and uninsured patients have lower angiography rates than insured patients [6] [7] [8] [9] [10] [11] [12] . In general, these differences cannot be ascribed to variations in underlying rates of coronary artery disease in the affected populations; however, the clinical significance of these differences is unknown. Lower procedure rates in a population may imply fewer, the same, or greater health benefits for that group, depending on the extent to which critically needed procedures are performed and inappropriate procedures are avoided.
To determine whether there is significant under use of coronary angiography we studied patients who met specific criteria indicating that a coronary angiogram 16 M. Laouri et al.
was necessary (i.e. not performing a coronary angiogram would be harmful to the patient's health). Patients were drawn from four teaching hospitals: three hospitals owned by the County of Los Angeles (public), and one private university hospital in Los Angeles, California. We addressed three questions.'First, can a practical method be developed for identifying under use in vulnerable populations? Second, at a private university hospital, where the majority of patients are insured, what propotion of patients who meet the necessity criteria fail to receive necessary coronary angiography? Third, are women, ethnic minorities, or patients attending public hospitals, less likely to receive necessary coronary angiography than men, whites and users of a private university hospital?
METHODS

Overview
To develop estimates of under use of coronary angiography at each of the four sites, we adopted existing definitions and indications for coronary angiography [1] . We sampled from among patients who had undergone an exercise stress test and we abstracted medical records to identify patients with indications for which coronary angiography was judged necessary. We conducted medical record reviews and telephone interviews within the group requiring angiography, to determine the proportion actually receiving the procedure.
Definition of clinical necessity and under use
To identify patients needing coronary angiography, we used published criteria developed at RAND by a nine member multi-disciplinary panel of expert physicians representing both academic and clinical practice, internal medicine, family medicine, invasive and non-invasive cardiology [1, 16] . The panel used the following definition of necessity: (1) the procedure is appropriate, i.e. the health benefits exceed the risks by a sufficient margin, (2) it would be improper care not to provide the procedure, (3) there is a reasonable chance that the procedure will be of benefit to the patient (i.e. the probability of benefit is not small) and, (4) the magnitude of the benefit is not small. The benefit of angiography was expressed in terms of the benefit of the revascularization procedure that would follow it, if indicated [1] . Using this definition, panelists first rated all the indications for the appropriateness of coronary angiography (i.e. whether benefit of procedure outweighs the risk to the patient). They later rated 840 clinical indications for the necessity of coronary angiography, all of which had already been rated appropriate [1] . Panelists rated the necessity of the indications on a scale of 1 to 9, where 1 meant the procedure was clearly not necessary and 9 that the procedure was clearly necessary [1] . As previously described, 390 indications with a median panel rating of 7 to 9 (without disagreement) were rated necessary for coronary angiography. Disagreement was defined as three or more ratings in the 1-3 region of the scale and three or more ratings in the 7-9 region of the scale [1] .
When a patient met a necessary indication but did not receive coronary angiography, he/she was counted as a case of under use.
Sampling of hospitals and patients
We conducted the study at four teaching hospitals in Los Angeles, California. Three of the hospitals were owned by the County of Los Angeles. County owned (public) hospitals are the main providers of care to poor and uninsured residents of Los Angeles. The fourth was a private, non-profit making university .hospital. All four hospitals had cardiac catheterization laboratories and cardiology fellowship programs. The number of beds ranged from 400 to 1400.
We selected the private university hospital to represent a practice standard at a hospital with adequate resources and a majority of insured patients. We chose the Los Angeles County public hospitals because they serve predominantly poor and uninsured patients. Because the private hospital patients had health insurance and those attending public hospitals did not, we did not attempt analyses based on insurance status per se.
To identify patients needing coronary angiography, we sampled patients who had undergone an exercise stress test Using patient logs kept at exercise stress test laboratories in the study hospitals, we sampled patients from among all those undergoing an exercise stress test between 1 January 1990 and 30 June 1991. Out of a total of 8 350 stress tests, 5 850 were selected in random number order and reviewed (Table 1) . First, exercise stress tests that were not read as positive by the hospital's cardiologist were identified and excluded. Second, the remaining stress test reports were reviewed to determine whether the patients met explicit criteria for having a positive or very positive exercise stress test for ischemic heart disease [1] . Patients who had received a heart transplant or were being evaluated for one and patients who had undergone coronary angiography within the 3 months prior to the stress test were not included in the study.
Among the 5 850 stress test reports, 1 350 (23.7%) were classified as positive or very positive using the above criteria (Table 1) . Determining which of these 1 350 patients required angiography (i.e. fit one or more of the 390 necessity indications) required additional data. Trained data collectors abstracted the medical records of the 1 350 patients. The abstraction form sought information on the patient's demographic characteristics, cardiac risk factors, symptoms, anti-anginal medications, recent acute events (unstable angina or myocardial infarction), stress test results, ancillary test results (thallium scintigraphy, stress echocardiography) and whether or not the patient received coronary angiogra- "Estimates of the total number of exercise stress tests rounded to the nearest 10 were provided by each site. *2 000 exercise stress test reports were selected in random number order and reviewed at this hospital.
phy up to one year after the stress test. Medical record abstraction forms were reviewed by two general internists and one cardiologist to verify the stress test classification and ascertain whether patients met necessary indications for coronary angiography. At the end of the process, 352 patients met necessary indications for coronary angiography and were included in the final analytic sample. A list of the five most commonly observed necessary indications is presented in Table 2 and all of them are enumerated in reference 1.
Determination of outcome
The primary outcome of interest in this study was the receipt of necessary coronary angiography. We used two definitions of outcome. According to the restrictive definition, we gave credit for receipt of a necessary procedure if a patient underwent coronary angiography within 3 months following the exercise stress test. Under the more generous definition, we gave credit for receipt of a necessary procedure if the patient underwent coronary angiography up to 12 months following the stress test Allowing a period of one year after the stress test provided physicians and hospitals with some leeway in determining the timing of the procedure.
Information about receipt of necessary coronary angiography was collected from three sources. First, medical records were checked for information about whether the patient underwent coronary, angiography. Second, we examined cardiac catheterization logs at the hospital where the exercise stress test was performed. We also cross-checked cardiac catheterization logs at other study hospitals to exclude the possibility that patients who underwent an exercise stress test at one hospital received coronary angiography at another hospital. Finally, we attempted to contact all 352 patients for a telephone interview. The patient telephone interview was conducted to determine whether patients underwent coronary angiography at a non-study hospital and to collect data about whether they had been offered coronary angiography and refused the procedure. The net response rate for the telephone interview was 69% (« = 243).
Data analysis
Contrasts between selected clinical and demographic subgroups in the receipt of clinically necessary angiography were expressed as absolute differences in proportions with 95% confidence intervals. The independent association between gender, ethnicity and hospital system and receipt of angiography was assessed with Atypical chest pain, very positive exercise stress test, no stress imaging study 3 , at least one coronary artery disease risk factor , age < 75 (males) or 50-75 years (females) Asymptomatic, positive exercise stress test and stress imaging study, 2 or fewer risk factors, age < 75
Chronic stable angina (Class I/II), treated with less than maximal medical therapy, very positive exercise stress test, no stress imaging study, normal ejection fraction, age < 75
Chronic stable angina (Class I/II), treated with less than maximal medical therapy, very positive exercise stress test and positive stress imaging study, normal ejection fraction, age < 75 'Canadian Cardiovascular Society Angina Class. 2 Maximal medical therapy was defined as receiving two or more types of antianginal medications. 3 For example thallium scintigraphy, echocardiography. Risk factors include smoking, hypertension, diabetes, hvpercholesterolemia and family history of coronary artery disease. logistic regression while controlling for clinical category (i.e. asymptomatic, chronic chest pain, unstable angina, myocardial infarction) and age.
The 390 necessity indications were divided into two groups according to median panel rating: (1) indications with a median panel rating of 9; and (2) indications with a median panel rating of 7 or 8. Indications with a rating of less than 7 were not considered necessary and were already excluded. In order for an indication to have received a median panel rating of 9, at least five of the nine panelists must have rated it 9 out of 9, this indicates greater certainty on the part of the panelists. This grouping of indications allowed for comparisons of private and public hospitals when receipt of coronary angiography was viewed as unequivocally necessary by the panel. To perform this analysis, the logistic regression models were expanded to include a dummy variable representing a panel rating of 9 versus 7 or 8.
Finally, we calculated the adjusted risks of receiving angiography for public and private patients by substituting mean values for all but the hospital system dummy variables (i.e. private versus public) and generating predicted probabilities for private and public hospital patients. We repeated the process for calculating adjusted risks of receiving angiography for women and men.
RESULTS
Patient characteristics
Among 352 patients meeting necessary indications for coronary angiography (64% public, 36% private) the mean age was 58 years; 60% were male and 58% were non-white (Table 3) . Private hospital patients on average were older than their public hospital counterparts (62 vs. 58 years); the distribution of men and women was similar across the sites. Most patients (57%) had atypical or chronic stable angina; 25% had experienced a recent episode of unstable angina or myocardial infarction ( Table 3) . The majority had a markedly abnormal (very positive) stress test. A total of 70 patients (20%) were assigned indications with a median panel rating of 9 (data not in table).
Receipt of necessary angiography -unadjusted results
Of the 352 patients 43% received coronary angiography within 3 months and 56% within 12 months of the exercise stress test. Of the patients ultimately ascertained as having angiography, 96% had the angjogram result in their medical records. Sixteen patients (4.5%) refused to undergo coronary angiography.
Women were significantly less likely than men to have received necessary coronary angiography 3 months following the stress test (34% vs. 49%; difference 15 percentage points; 95% confidence interval for the difference 5% to 26%) ( Table 4 ). They were also significantly less likely than men to have received angiography within 12 months after the stress test (Table 4) . However, neither ethnicity nor age were significantly associated with receipt of necessary angiography, regardless of interval (Table 4 ). Compared to (Table  4) .
To determine whether the effect of hospital system (public versus private) varied depending on the strength of the necessary indications, we divided patients into those with a median panel rating of 9 (n = 70) and those with a median panel rating of 7 or 8 (« = 282). Within the group with most highly rated indications, private hospital patients were somewhat more likely than public hospital patients to have received angiography within 3 months of the stress test (57% versus 49%,/»<0.05), but the difference between hospital systems was much more pronounced within the group with median ratings of 7 or 8 (53% vs. 34%, p<0.001).
Receipt of necessary angiography -adjusted results
We used logistic regression analysis to determine the independent effects of gender, ethnicity and hospital Odds ratio of one or greater means the group represented by the variable has greater odds of having receive angiography than the omitted referent group. 2 Asymptomatic, atypical chest pain and chronic stable angina we non-acute symptoms group. 3 p<.05. 'Unstable angina, post MI and post CABG were combined into acute 6 p < .0005. 'Risk factors include smoking, hypertension, diabetes and family history of coronary artery disease.
system on the receipt of necessary coronary angiography. Controlling for (1) symptom complex, (2) number of cardiac risk factors, (3) age, (4) median panel rating, (5) ethnicity and (6) hospital system, women were less likely than men to have undergone necessary coronary angiography both within 3 months and within 12 months of stress testing (Table 5) . Adjusting for these factors, women were 15 percentage points less likely than men to receive necessary angiography within 3 months (34% vs. 49%, p<0.05), and 18 percentage points less likely to receive it within 12 months (46% vs. 64%,p<0.005).
Controlling for these covariates, African Americans, Latinos and Asians had approximately the same odds of receiving necessary coronary angiography as whites (Table 5 ). However, patients receiving care at one of the public hospitals were less likely than private hospital patients to have undergone necessary coronary angiography; the differences were evident and statistically significant at both 3 and 12 months ( Table 5 ). The predicted probability of receiving angiography within 3 months following the stress test was 35% for public hospital patients and 57% for private hospital patients (difference = 22 percentage points, p< 0.005). By 12 months, the difference between public and private hospital patients was somewhat less (51% vs. 67%, difference = 16 percentage points, p < 0.05).
The findings were similar after excluding sixteen patients who refused coronary angiography, and nine patients who reported in the follow up interview that they had angiography at a non-study hospital.
DISCUSSION
Up until now the RAND/UCLA appropriateness method has been used to measure over use. This study shows that this method can also be applied to identify under use. As cost containment efforts intensify, the use of this or similar methods to detect under use will become even more important. In this study 44% of patients meeting objective clinical criteria for needing angiography did not receive it This result shows that under use of coronary angiography can be measured and that it occurs to a significant degree.
Identifying under use is more expensive and time consuming than identifying over use. To obtain a sample of 352 patients who met the RAND/UCLA necessity criteria for coronary angiography, we reviewed results of 5850 exercise stress tests and abstracted 890 medical records.
We were surprised by the rather high rate of under use at the private hospital. After classifying patients who refused the procedure as having been offered it, angiography was apparently not recommended to 26% of patients who presumably needed it. However, because we did not interview the attending physicians, we cannot be certain that there were no undocumented contraindications to angiography. It is also possible that the RAND/ UCLA multi-specialty national panel was unduly aggressive in ratings of necessary indications [17] , but cardiologists at the four participating hospitals did not share this impression a priori. Before we determined the appropriateness and necessity of coronary angiography for the study patients, we asked a cardiologist at each of the study sites to review the indications for reasonableness. The four cardiologists agreed that performing coronary angiography for the RAND/UCLA indications was necessary. Therefore, if these results are generalizable, under use of coronary angiography may be a significant problem even for insured patients treated in the private sector.
Currently, a major health care reform effort is underway in the United States. This effort is driven by the urgency to constrain the growth of health care costs. Prior health services research had demonstrated large variations in the use of medical care as well as inappropriate over use of medical and surgical procedures. One implication of these prior studies has been the assumption that if expensive inappropriate procedures can be successfully eliminated, substantial amounts of money will be saved. The savings could be used in part to fund improvements in access to health care. Efforts of many organizations are being directed at reducing and possibly eliminating excess and inappropriate use of medical care [18] . However, while such efforts will improve the quality of care, it is important to keep in mind that even procedures that are over used in some clinical circumstances may be under used in other situations. The relatively low rate of receipt of necessary coronary angiography in this study signals the importance of addressing under use of beneficial yet expensive medical care. Evidence of over use of a procedure is not proof that the procedure is not also under used. Before assuming that cost savings from the elimination of inappropriate over use of a procedure can be translated into real savings in the health care budget or viewed as a potential funding source for expansions of other services such as prenatal care, the level of under use of the procedure in question has to be ascertained. This will enable policy makers to make a more accurate assessment of the true cost savings from the simultaneous elimination of over use and under use of a procedure. In this study a higher level of under use was observed among women than men. This finding corroborates and extends previously documented gender differences in the use of cardiac procedures [5, 13, 15] . The preponderance of evidence now supports the assertion that women have disproportionate difficulty in obtaining access to coronary angiography.
Another key finding from this study is that poor and uninsured residents of Los Angeles County who received care at public hospitals were significantly less likely than patients from a private hospital to have undergone necessary coronary angiography. This finding suggests that cither public hospitals are operating under such severely constrained resources that they are unable to provide all the necessary coronary angiograms that they should; or that public hospitals perform less than all necessary coronary angiographies and also perform inappropriate ones. Both are important issues from clinical management and public policy perspectives and remain to be addressed.
Patient preferences are an important factor for understanding why patients with indications for coronary angiography did not receive angiogfams. This project did not collect detailed information on preferences. The study was conducted retrospectively and collection of accurate data on patient preferences at the time of the treadmill test was not possible. Nevertheless, the large number of patients in both private and public hospitals who did not receive necessary angiograms raises concerns about under use of beneficial procedures.
Given our knowledge of problems faced by vulnerable populations and the additional knowledge that necessary procedures are not always performed, even in academic medical centers, it is important to develop standards of quality which address and, to the extent possible, safeguard against under use of necessary care. It is also timely and important to study the delivery of necessary medical care to all patient groups, especially the medically underserved, and to investigate the under use of other beneficial yet expensive medical and surgical procedures.
